Introduction
Salmonella are intracellular pathogens both in cold-and warm-blooded animals and are important zoonotic agents. The genus Salmonella contains 2463 serotypes; and is currently divided into two species: Salmonella enterica (2443 serotypes) and Salmonella bongori (20 serotypes) according to their 16S rRNA sequence analysis (Jacobsen et al., 2011) . More than 99% of Salmonella strains causing human infections belong to Salmonella enterica subspecies enterica (Pui et al., 2011) . Salmonella enterica is one of the most common pathogen which causes foodborne illness (Scallan et al., 2011) .
Salmonellosis is a direct occupational anthropozoonotic disease of great economic and public health concern (Nagappa et al., 2007) . It is estimated that approx. 80.3 of 93.8 million of global human Salmonella-related gastroenteritis are foodborne (Majowicz et al., 2010) . S. Typhimurium -a potential zoonotic pathogen are isolated from different sources, but the predominant tend to be associated with certain food, environmental, or animal (Uzzau et al., 2000; Foley and Lynne 2008; Hoelzer et al., 2011) . Among these serotypes, S. Enteritidis and S. Typhimurium are the two most prevalent serotypes causing salmonellosis in humans as well as in livestock (Cheong et al., 2007; Lee et al., 2009) .
A wide range of foods has been implicated in foodborne illness attributable to Salmonella enterica. Foods of animal origin, especially poultry, poultry products and raw eggs, are often implicated in sporadic cases and outbreaks of human salmonellosis (Naurin et al., 2012) . Recent years have seen increases in salmonellosis associated with contaminated fruits and vegetables. Other sources of exposure include water, handling of farm animals and pets, and human personto-person when hand-mouth contact occurs without proper washing of hands (http://www.fao.org.HTM).
Various antimicrobial agents are used to treat salmonellosis. Among the various groups of antibiotics, fluoroquinolones and third-generation cephalosporins are used most frequently for the treatment of Salmonellosis. The earlier drugs Chloramphenicol, Ampicillin, Amoxicillin and Trimethoprim-Sulfamethoxazole are occasionally used as alternatives (Baratto et al., 2012 ). An increasing rate of antimicrobial resistance in Salmonella has been reported in many developing and developed countries (Uzzau et al., 2000; Mahmud et al., 2011) . Furthermore, resistance to combinations of several classes of antimicrobials has led to the emergence of Multi-Drug Resistant (MDR) strains that may pass from food animals to humans (White et al., 2001) . Spread of antibiotic resistance plasmids in Salmonella from chickens to human handlers (White et al., 2001) or of antibiotic-resistant microorganisms from poultry to humans in various countries (Poppe et al., 2002) has been reported. Increasing resistance to important antimicrobials used for human therapy certainly produce a threat of zoonosis (Mahmud et al., 2011) .
The seroprevalence of group D Salmonella in poultry of Bangladesh was evident in our previous endeavor (Mahmud et al., 2011) . The objective of the present work is to extend multiple drug resistant patterns of Salmonella poultry isolates against a wide range of antimicrobials, molecular characterization of circulatory genotypic group and correlation of their zoonotic potential through sequencing and phylogenetic inferences.
Materials and Methods

Poultry Salmonella Isolates
Poultry samples were collected from the birds of five different layer poultry farms located in the semi urban area of Savar region of Dhaka, Bangladesh, during the period of May 2009 to June 2010 (Table 1) . Sample collection, isolation, serogrouping and plasmid profile analysis of the Salmonella isolates have been described previously (Mahmud et al., 2011) .
Antibiogram of Salmonella Isolates
Randomly selected 67 Salmonella isolates were studied for their antibiotic resistance profile using 18 different antibiotic discs belonging to 13 classes of antibiotics. The antibiotic discs used were Azithromycin (Azi)-15 μg, (Table 2 ). In vitro antibiotic sensitivity test of the isolated Salmonella was performed using the standard commercial discs (Oxoid, USA) through the disc diffusion method Bauer et al. (1966) as described previously.
DNA Extraction and PCR Amplification of Salmonella Specific Genes
Chromosomal DNA of 67 Salmonella isolates was extracted from cell suspensions of bacteria grown overnight. Boiled DNA of the isolates was prepared as described previously (Nandi et al., 2013) and the templates were used for PCR amplification. Three sets of primers were used: invA (F1:5′GTGAAATTATCGCCA CGTTCGGGCAA; R1: TCATCGCACCGTCAAAGGAACC; product size 284 bp) gene specific for the Salmonella spp. for invasion to epithelial cells Rahn et al., 1992) ; fliC (F 2 : 5′ CGGTGTTGCCCAGGTTGGTAAT; R 2 : 5′ ACTG-GTAAAGATGGCT; product size 620 bp) gene specific for the S. Typhimurium encoding major components of the flagellum; and sefA (F 3 : 5′ GATACT GCTGAAC GTA-GAAGG; R 3 : 5′ GCGTAAATCAGCATCTGCAGTAGC; product size 488 bp) encoding fimbrial adhesion gene specific for the S. Enteritidis, Salmonella Pullorum and Salmonella Gallinarum (Doran et al., 1996) .
PCR amplification were performed in a final volume of 25 μl containing 200 ng of DNA template, 50 mM MgCl 2 , 10X PCR buffer, 10 mM dNTP, 5 U of Taq DNA polymerase (Invitrogen, USA) and 0.5 pmol of each primer in a final volume of 25 μl. Amplifications (Biometra Thermal Cycler, Biometra GmbH, Germany) were carried: initial denaturation 95℃ for 5 min, followed by 35 cycles of denaturation at 95℃ for 1 s, annealing at 55℃ for 30 s and extension at 72℃ for 43 s, with a final extension at 72℃ for 7 min. Amplification Sultana et al.: Zoonotic MDR Salmonella spp. in Poultry 425 44, 45, 46, 47, 48, 55, 56 Isolates ID Jowel Poultry farm, Nalam, savar. 41, 42, 43, 18, 19, 20, 60, 61, 62, 63, 64, 65, 74, 75, 76, 77, 79, 80, 81, 82, 83, 84, 88, 90, 91, 92, 93, 94, 95, 97, 100, 102 29, 30, 31, 32, 51, 52, 53, 54 B 4, 5, 7, 9, 25, 33, 34, 36, 49, 50, 57, 58, 59, 66, 68, 70, 72, 103, products were separated by electrophoreses on 1.5% agarose gel containing ethidium bromide (0.5 μg/ml) with a 100-bp ladder (Invitrogen, USA) as molecular weight marker.
Randomly Amplified Polymorphic DNA (RAPD) PCR
Six different RAPD primers (1283, 1247, R2 and Salmonella-specific 787,784,797) were primarily verified for RAPD-PCR (Table 3 ) and among them the primer 787 was finally chosen for well differentiation of all Salmonella isolates. PCR was carried out in 20 μl reaction volume containing 10 μl of master mix 2X (Go Taq Colorless Master Mix), 100 pmol of primer, 2 μl of template DNA in each tube. The PCR conditions for 787 primer included an initial denaturation of 94℃ for 5 min, followed by 30 cycles of denaturation 94℃ for 1.0 min, primer annealing at 36℃ for 1.0 min, extension at 72℃ for 2.0 min and a final delay at 72℃ for 5 min. The PCR products were resolved on a 1.5% agarose gel, stained with ethidium bromide (5 μg/ml) and bands observed using a Geldoc (protein sample, USA).
Amplified Ribosomal DNA Restriction Analysis (ARDRA)
The nearly full length 16S rRNA gene of 67 Salmonella isolates was amplified by PCR with a thermal cycler (Biometra GmbH, Germany). DNA fragments of approximately 1.5 kbp were amplified using the primers 27F (5′ -AGAGTTTGA TCCTGGCTCAG-3′ ) and 1492R (5′ -TACGGTTACCTTG TTACGACTT -3′ ). Each PCR tube (50 μL) contained a reaction mix of 10 μL 5X PCR buffer for Taq polymerase (Promega, USA), 25 mM MgCl 2 , 10 mM of each deoxynucleotide triphosphate (Promega, USA), 0.5 pmol of each primer and 5U of Taq Polymerase (Promega, USA) and 200 ng of template DNA. The amplification was carried: 95℃ for 5 minutes; final extension step at 72℃ for 7 minute.
Complete digestion of 16S rRNA gene product was done using the Alu I (Promega, USA) restriction enzyme. The restriction mixes (20 μL of final volume) were carried out for 4 hours at 37℃. Each reaction tube contained 2 μL of 10X incubation buffer, 0.2 μL of bovine serum albumin, 6U of the respective restriction enzyme, 2.5 μL of distilled water and 15 μL of PCR product. The resulting digestion products were visualized under UV-light (LabNet Transilluminator, UV light source wavelength 302 nm), after agarose gel electrophoresis 1.5% w/v (90 minutes, 75 V) and staining with ethidium bromide (0.5 μg/mL). The restriction patterns were analyzed to cluster the isolates into identical banding patterns.
Sequencing and Phylogenetic Analysis
The 16S rRNA gene PCR products of representative isolates from each genotypic group of ARDRA and RAPD profile were purified with the Wizard PCR SV Gel and PCR Clean-Up System kit (Promega, USA) and were sequenced on an ABI sequencer (ABI, USA). Forward and reverse sequences were assembled using DNASTAR Lasergene SeqMan software and compared to the GenBank database of the National Center for Biotechnology Information (NCBI) using basic local alignment search tool (BLAST). To find close phylogenetic relatives, BLAST was performed against NCBI RefSeq database (Pruitt et al., 2005) . The nucleotide sequences were calculated by the Kimura two-parameter procedure (Kimura et al., 1980) . The phylogenetic tree was constructed by utilizing the neighbour-joining method (Saitou and Nei, 1987) and assessed with 1000 bootstrap replications.
The 16S rRNA gene sequences obtained in this study and displayed within the phylogenetic tree have been deposited in the GenBank database under the accession numbers KF188417, KF188418, KF188419, KF188420, KF188421, and KF188422.
Results
In our previous study, we isolated Salmonella from poultry specimens of 5 different poultry farms (Table 1) and analyzed them by conventional cultural, biochemical and serotyping method (Mahmud et al., 2011) . According to serotyping by slide agglutination test, the group D Salmonella isolate was dominant (57%) (Mahmud et al., 2011) . In this study, we subjected these isolates into extended antibiogram analysis and genotypic characterization to have an epidemiological insight of circulatory Salmonella genotypes in poultry and their potential as zoonosis.
Multidrug Resistance Profile of Poultry Salmonella Isolates
A wide range of antibiotics (18 different antibiotics belonging to 13 classes) were used to observe the extended drug resistant pattern (Table 2 ) against the 67 isolates. The highest percentage of antibiotics resistance was found against Rifampicin, Clindamycin, Oxacillin, Vancomycin, Doxycycline and Levofloxacine with 88%, 84%, 84%, 79%, 52% and 50% resistance, respectively. Less than 50% of the isolates were resistant against Azithromycin (25%), Amikasin (6%), Aztreonam (25%), Ceftriaxone (10%), Cefotaxime (19%), Cefuroxime (22%), Chloramphenical (6%), Cefepime (13%), Cephalexin (31%), Kanamycin (7%), Imipenem (6%) and Polymyxin B (6%) (Fig. 1) .
Salmonella Specific PCR Assay
Among the 67 poultry Salmonella isolates, all the isolates amplified a characteristic 284 bp product for invA gene, 17 isolates amplified a characteristic 488 bp PCR product for sefA gene and 4 isolates amplified 620 bp product for fliC gene (Table 4) .
Genotyping of Poultry Salmonella using RAPD and ARDRA
All Salmonella isolates were differentiated into two groups based on RAPD analysis with primer 787 (Fig. 2, Table 5 ). The dominated group (RAPD Group 1) included 64 isolates, whereas the other group (RAPD Group 2) contained only 3 isolates. For further differentiation, ARDRA profile was done specifically to differentiate the dominant RAPD Group 1. Based on the ARDRA profile, the restriction patterns obtained with the enzyme Alu I (Promega, USA) are numbered arbitrarily and yielded three unique ARDRA patterns (Fig. 2) further differentiating the RAPD group 1 (Table 5) . One ARDRA pattern designated as group A clearly dominated the samples accounting for 60 isolates (Table 5) . ARDRA group B and C included isolates at a low frequency. ARDRA group C consisted of only one isolate differentiating in a single band position (Fig. 2) . However, 5, 7, 10, 13, 18, 19, 25, 29, 31, 32, 33, 34, 41, 42, 43, 44, 46, 47, 48, 55, 56, 57, 58, 59, 60, 61, 62, 66, 68, 70, 74, 75, 80, 81, 82, 83, 84, 88, 91, 92, 93, 94, 95, 97 isolate 45 from RAPD group 1, ARDRA group C and isolate 77 from RAPD group 2) were selected for 16S rRNA sequencing and phylogenetic analysis. After BLAST search, isolates 9, 30, 45, 53, 56 and 77 showed maximum identity of 99% with Salmonella enterica subsp. enterica (Fig. 3) . Isolates 9, 56 from the dominant RAPD and ARDRA group were closely related to Salmonella Enteritidis with phyloge- 5, 9, 10, 13, 18, 19, 20, 25, 29, 31, 32, 33, 34, 41, 42, 43, 44, 46, 47, 48, 50, 51, 55, 56, 57, 58, 59, 60, 62, 66, 68, 70, 74, 75, 80, 81, 82, 83, 84, 88, 90, 91, 92, 93, 94, 95, 97, 100, 102, 103 Ansamycins Resistant Isolate code (Number of Isolates) Class 18, 20, 36, 42, 44, 48, 51, 56, 58, 59, 61, 63, 64, 65, 66, 68, 74, 75, 76, 80, 81, 83, 84, 92, 93, 5, 7, 13, 33, 41, 51, 56, 60, 63, 68, 74, 76, 84, 88, 92 Macroloids 49, 53, 54, 72, 77, 79, 90 45 18, 19, 20, 33, 34, 41, 42, 43, 48, 51, 56, 58, 59, 60, 63, 64, 66, 68, 74, 75, 80, 81, 82, 84, 88, 92, 93, 75, 84, 88 Phenicol 49, 53, 54, 77, 90 56, 64, 76, 84 Lipopeptides 49, 53, 54, 72, 77, 79, 90 30, 45 4, 5, 7, 13, 18, 19, 20, 25, 29, 31, 32, 33, 34, 41, 42, 43, 44, 46, 47, 50, 51, 55, 57, 58, 59, 60, 62, 64, 66, 68, 70, 74, 75, 76, 80, 81, 82, 83, 84, 88, 91, 92, 93, 94, 97, 100, 102 Lincosamides 49, 54, 72, 77, 79, 90 -- Table 2 . Fig. 3 . Phylogenetic tree predicted by the neighbour-joining method using 16S rRNA gene sequences. The evolutionary distances were computed using the Kimura 2-parameter method and are in the units of the number of base substitutions per site. The bootstrap considered 1000 replicates. Treponema pallidum was used as outgroup. The scale bar represents the expected number of substitutions averaged over all the analysed sites.
netic similarity of 100% and 99% respectively. In contrast, isolate 30 from the same ARDRA group clustered with Salmonella Heidelberg with 99% similarity. The RAPD group 2 isolate 77 showed 90% similarity to serovar S. Typhimurium (Fig. 3) .
Discussion
The present investigation characterized the prevalence of zoonotic Salmonella genotypes circulating in savar, Bangladesh and discussed their resistance properties against commonly used antibiotics of clinical importance.
Poultry Salmonella isolates from savar poultry farms were multidrug resistant at alarming level. Antibiotics including Renamicin, Ciprofloxacin, Erythromycin, Colistin, Cephalosporin etc. are used in poultry and livestock sectors of Bangladesh without any medical supervision (Nandi et al., 2013) . This might be the reason of the extended resistance of Salmonella towards a large number of antibiotics. Fig. 1 showed the antibiotic resistance pattern of the isolates. Poultry Salmonella isolates were mostly resistant towards Rifampicin (88%), Clindamycin (84%), Oxacillin (84%) and Vancomycin (78%). Isolates also showed resistance towards several other antibiotics like Amikasin, Chloramphenicol and Imipenem (6% each). Our previous study showed that multidrug resistance properties of the isolates designated 4, 5, 7, 25, 30, 34, 42, 43, 57, 84 and 92 were plasmid free and their MDR properties might be chromosome-born (Mahmud et al., 2011) . The current report extended the study of antibiotic resistant properties of those isolates further using 13 classes of antibiotics Discs. The isolates Sultana et al.: Zoonotic MDR Salmonella spp. 29, 30, 31, 32, 33, 34, 36, 41, 42, 43, 44, 45, 46, 47, 48, 50, 51, 55, 60, 61, 62, 63, 64, 65, 66, 68, 70, 72, 74, 75, 76, 77, 79, 80, 81, 82, 83, 84, 88, 90, 91, 92, 93, 95, 97, 100, 102 Amplification product size 4, 5, 7, 9, 10, 13, 18, 19, 20, 25, 52, 56, 57, 58, 59, 94 49, 53, 54, 90 4, 5, 7, 9, 10, 13, 18, 19, 20, 25, 29, 30, 31, 32, 33, 34, 36, 41, 42, 43, 44, 46, 47, 48, 50, 51, 52, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 68, 70, 74, 75, 76, 80, 81, 82, 83, 84, 88, 91, 92, 93, 94, 95, 97, 100, 102, 103 4, 5, 7, 9, 10, 13, 18, 19, 20, 25, 29, 30, 31, 32, 33, 34, 36, 41, 42, 43, 44, 46, 47, 48, 50, 51, 52, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 68, 70, 74, 75, 76, 80, 81, 82, 83, 84, 88, 91, 92, 93, 94, 95, 97, 100, 102, 103 showed extended resistant properties to more than 2 to 7 classes of antibiotics other than those that were reported earlier. Particularly isolate 4 and 92 showed resistance against extended 7 different classes of antibiotics (Table 2) . Isolate 92 is a plasmid free and genotypically included as S. Enteritidis (Table 4 )-a most potent food-born pathogen currently reported all over the world. Various reports indicated the presence of chromosomally mediated antibiotic resistance in Salmonella. Salmonella DT104 was reported to have resistance against 5 antibiotics of 4 different groups via chromosomally encoded genes (Threlfall et al., 1993) . Later on, a plasmid-free Salmonella Anatum strain was isolated in India that showed resistance to 7 antibiotics belonging to 4 groups (Singh et al., 2010) . Therefore, S. Enteritidis isolate 92 from Bangladesh represents the first report of 10 groups of antibiotic resistant strain with the possibility of chromosomal resistance. Chromosomal resistance mechanism in Salmonella might be due to alteration of both gyrA and gyrB genes (Heisig et al., 1993) .
Poultry Salmonella isolates from Savar were also resistant towards Cephalexin (42%) and were mostly sensitive towards Chloramphenicol. Our finding was supported by a report from India where the Salmonella isolates were reported 100% Chloramphenicol sensitive (Mandal et al., 2004) . However, Khan et al. (2005) revealed that, in Bangladesh, Salmonella isolates were highly sensitive to Cephalexin (Khan et al., 2005) . Our isolates were mostly sensitive to Ceftriaxone, Amikasin and Imipenem, but resistant to Levofloxacine, a study supported by a previous investigation of Morshed and Peighambari (2010) .
Salmonella specific PCR using primers invA, fliC and sefA was done to confirm serogroups of the isolates. Of these, invA gene and fliC gene have been the most frequently targeted genes for primer selection in PCR based Salmonella spp. detection (Chen and Griffiths, 2001) . We found all of our 67 isolates were invA positive ascertaining themselves as Salmonella spp. Our finding was supported by Moussa et al. (2010) who reported that all Salmonella serovars were positive for amplification of 284 fragments of invA genes (Moussa et al., 2010) and all non Salmonella serovars were negative. In our investigation, invA and sefA positive isolates were later phylogenetically identified as S. Enteritidis supporting the PCR result. Isolates 30, 45 and 77 were only invA positive and phylogenetically found to be S. Heidelberg and S. Typhimurium respectively.
With an aim of identification of infections to prevent disease and for the epidemiological study of salmonellosis, molecular typing methods were employed. A combined approach of RAPD and ARDRA was done to differentiate genotypes of poultry Salmonella isolates. RAPD-PCR is easy to use and has discriminatory power, and an important tool to fingerprint bacteria involved in disease outbreaks and to determine the sources, vectors and vehicles of transmission (Betancor et al., 2004 , Baratto et al., 2012 . RAPD typing with 787 primer showed two different profiles (Fig. 2) clearly differentiating the large S. Enteritidis group from S. Typhimurium (Fig. 3, Table 5 ) supporting widespread distribution of these two serovars in poultry sources. In ARDRA, large major group also represented serovar Enteritidis along with a group of serovar Heidelberg and Typhimurium. Therefore, ARDRA using Alu I enzyme was suitable for differentiating Heidelberg from the major Enteritidis group.
A study of Kanashiro et al. (2005) showed that there is a high incidence of S. Enteritidis in broiler breeder (57.5%) and broiler flocks (84.0%), and it is the serovar most frequently responsible for foodborne outbreaks and sporadic cases of salmonellosis in humans (Betancor et al., 2004) . We also detected serovar Enteritidis dominating among the Salmonella serovars isolated from poultry sources. So it certainly poses a high risk of zoonosis. Besides, serovar Heidelberg can be attributed as zoonotic Salmonella because of its multistate outbreak linked to chicken (www.cdc.gov/ salmonella/heidelberg-02-13).
In conclusion, it can be inferred that Salmonella isolates from poultry farm of Savar area, Dhaka, Bangladesh, showed MDR properties at alarming levels and are potential to impose zoonoses. Their chance of forming a stable resistant bacterial community is high enough as many of them were plasmid-free. In case of molecular typing, a combination of RAPD-PCR and ARDRA certainly offers simple, fast, convenient technique for epidemiological typing of Salmonella genotypes. From our study, it is apparent that Salmonella Enteritidis is the most prevalent serovar circulating in poultry of Savar, Bangladesh.
